Few prospective studies have reported the cumulative incidence of venous thromboembolism (VTE) in the intensive care unit (ICU), especially for patients receiving guideline-recommended VTE prophylaxis. We aimed to design a prospective observational study to investigate the cumulative incidence and risk factors of ICU-acquired VTE for those populations.
Introduction
Venous thromboembolism (VTE), which includes upper and lower extremity deep vein thrombosis (DVT) and pulmonary embolism (PE), is a serious complication for patients in the intensive care unit (ICU). [1] When patients are admitted to the ICU, they are at high risk of VTE, especially with sedation and mechanical ventilation, compared with others not in the ICU. [2] Previous studies showed that effective prophylaxis may be associated with a low incidence of hospital-acquired VTEs. [3, 4] Indeed, earlier evidence showed that patients receiving thromboprophylaxis have a lower incidence of VTE, ranging from 5% to 37.2%, as compared with those not receiving thromboprophylaxis in the ICU. [5] [6] [7] Currently, prevention of VTE has been included in hospital accreditation and quality of care indicators around the world. Recently, a multicentre observational crosssectional study showed that 98.3% patients received prophylaxis in the ICU. [8] According to the guideline, both mechanical prophylaxis and pharmacological prophylaxis can be treatment measures for preventing VTEs. [1] As patients in the ICU have a high risk of major bleeding, the balance between VTE and hemorrhagic risk should be estimated daily when these individuals are given pharmacological prophylaxis.
The incidence of VTE varies widely in the literature, depending on whether the diagnosis is made by screening protocols or simply by evaluating symptomatic patients. Other causes include the time of the observational study, which is inconsistent in prospective or retrospective studies. To our knowledge, few studies have reported the cumulative incidence of VTE for ICU patients receiving guideline-recommended VTE prophylaxis.
Hence, the purpose of this study was to assess the cumulative incidence and identify the risk factors of VTE within 28 days of ICU stay among patients receiving guideline-recommended VTE prophylaxis.
Methods

Patients
This prospective, single-center, observational study was performed between April 2018 and November 2018. Patients were aged ≥18 years admitted to the ICU of the First Affiliated Hospital of Chongqing Medical University.
Exclusion criteria were as follows:
(1) VTE found at admission or within 1 day of admission in the ICU, (2) patients died within 48 hours after ICU admission, and (3) patients with missing or incomplete data during the study period.
All patients without risk of bleeding received low-molecularweight heparin (LMWH; 4000 IU) anticoagulation therapy twice daily. Ethics approval was obtained before the survey, and written informed consent was obtained from included patients or their authorized family member.
Outcomes
The primary outcome was the cumulative incidence of VTE, including DVT and PE, during 28 days in the ICU. The second outcome was the risk factors associated with VTE. Demographic characteristics, Caprini score, and other risk factors for VTE were collected. Caprini score was a valid and convenient way to stratify VTE risk [9] and was used to evaluate each patient on the first day and every 3 days thereafter until VTE was found. The maximum Caprini score was selected for analysis. Information on sex, age, body mass index, maximum muscle strength, continuous renal replacement therapy (CRRT), platelet transfusion, ICU length of stay, acute physiology and chronic health evaluation (APACHE) II score, sedation, mechanical ventilation, central venous catheter (CVC; femoral vein), and abdominal hypertension was also collected. Finally, all-cause 28-day mortality was also recorded.
Evaluation of VTE
Duplex scan was used to examine patients for DVT with a broadband width linear array transducer L 4 to 12 MHz by Bmode ultrasound combined D and CDFI modes. The trained researchers assessed patients for the following signs and symptoms:
(1) localized tenderness, (2) pitting edema, and/or (3) swelling in each lower extremity.
If patients had 1 or more of the above signs and symptoms, they were indicated to have signs or symptoms consistent with DVT. Duplex scan was immediately conducted on the first day of ICU admission for all patients in a standardized fashion. [10] In addition, duplex scan was performed on days 7, 14, 21, and 28 and at any time DVT was clinical suspected. PE was defined by computed tomography pulmonary angiography (CTPA). CTPA was not examined for all patients, but only for those with suspected PE who already had DVT or respiratory dysfunction. The VTE screening was terminated when patients were discharged from the ICU or the ICU stay was >28 days. According to the results, patients were divided into VTE and non-VTE groups.
In our previous studies, distal DVT was defined as thrombus involving only the popliteal vein or (and) calf vein. Proximal DVT was defined as the thrombus involving at least the femoral vein and above; meanwhile, the thrombus may also involve the popliteal vein or (and) calf vein. [11] [12] [13] VTE was defined as proximal DVT (both symptomatic and asymptomatic), symptomatic distal DVT, and PE. [14, 15] 
The definition about risk of bleeding
If the patient answered "yes" to 1 or more of the following 5 questions, the patient was deemed to have a risk of bleeding, and mechanical prophylaxis was administered only for those patients:
(1) Is the patient experiencing any active bleeding? (2) Does the patient have (or has the patient had a history of) heparin-induced thrombocytopenia? (3) Is the patient ' s platelet count <100,000/mm 3 ? (4) Is the patient taking oral anticoagulants, platelet inhibitors (eg, nonsteroidal anti-inflammatory drugs)? (5) Is the patient's creatinine clearance abnormal? [9] 
Statistical analysis
The sample size was calculated according to Serrano ' s study. [16] To achieve a desired precision of 95% confidence interval (CI) width of 0.1 around the estimated VTE rate at 1 month, 140 patients were required assuming the incidence of VTE was 7% at 1 month. All data were analyzed using SPSS version 21.0 statistical package. Univariate analysis was performed using the chi-squared test or t test. Binary logistic regression was used in the multivariate analysis: backward selection based on likelihood ratio. Univariate and multivariate analyses were conducted to determine the risk factors of VTE. The Kaplan-Meier method was used to test the cumulative incidence of VTE. The odds ratio (OR) for VTE substratified by Caprini score was estimated using chi-squared test. All P-values were 2-sided, with values <.05 were considered statistically significant.
Resuts
The general information of eligible patients
From April 2018 to November 2018, 324 eligible patients were screened, of whom 281 were consecutively included in the study. Exclusion criteria included ICU length of stay <2 days (n = 30), development of acute VTE before ICU admission (n = 11), and age <18 years (n = 2) (Fig. 1) . The baseline characteristics of the enrolled patients are presented in Table 1 . On admission, 72.6% presented medical, 18.9% surgical, and 8.5% major trauma pathology. Patients had a median age of 60 years (range, 18-89), with an APACHE II score of 17 (range, 4-36), body mass index of 22 (range, , and maximum muscle strength of 56 (range, 0-60). The median ICU length of stay was 4 days (range, 2-28), and the Caprini score was 6 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] were given a vasopressor, and 41.3% patients had a risk of bleeding before developing VTE. A total of 18 patients died within 28 days and the all-cause, 28-day mortality rate was higher in patients with VTE, but the difference was not significant (8.0% vs 6.3%, P = .667). All patients received prophylaxis: 81.6% mechanical, 76.2% early mobilization, 50.5% both mechanical and early mobilization, and 58.7% LMWH.
The cumulative incidence of VTE within 28 days
Over the 28 days, 25 patients developed VTE: 1 patient with both PE and lower extremity proximal DVT, 11 patients with proximal DVT, and 13 patients with distal DVT. 
Univariate analysis of risk factors for patients with VTE
The statistical analysis is shown in Table 2 . There were significant differences between patients with or without VTE in ICU length of stay (13.6 ± 8.8 vs 6.7 ± 2.7 days, P < .01). Significant differences in the other factors, such as APACHE II score, Caprini score, sedation, mechanical ventilation, CVC, and abdominal hypertension, were also found between patients with and without VTE (P < .05). However, other factors of age, sex, body mass index, maximum strength muscle, CRRT, and platelet transfusion had no influence on the occurrence of VTE (P > .05). Analyzed (N=281) Figure 1 . Consort flow diagram of this study procedure.
Zhang
Multivariate analysis of risk factors for VTE
In multivariable analysis, 3 factors were found to have an influence on the incidence of VTE. Table 3 shows that CVC (P = .002, OR = 4.50), Caprini score (P = .012, OR = 1.20), and ICU length of stay (P = .006, OR = 1.08) were independent risk factors related to the occurrence of VTE.
3.5. Odds for VTE substratified by caprini score Table 4 suggests the proportions of patients with a Caprini score of 1 to 5, 6 to 10, and greater than 10 were 40.9%, 51.6%, and 7.5%, respectively. Patients with a Caprini score of 1 to 5 were significantly less likely to develop VTE events compared with those with a Caprini score of 6 to 10 (OR = 3.44; 95% CI, 1.12-10.60) and greater than 10 (OR = 8.67; 95% CI, 2.11-35.71). However, there was no significance between the group with Caprini scores of 6 to 10 and the group with a score greater than 10.
Discussion
VTE is a life-threatening complication, and its incidence is a sign of quality care for patients in the ICU. We designed a prospective 
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Medicine observational study to investigate the cumulative VTE incidence, risk factors, and outcomes for those patients. VTE prophylaxis was an effective way to decrease the occurrence of VTE. In our study, all patients received guideline-recommended VTE prophylaxis. The cumulative VTE incidence within 7 days after ICU admission was as high as 4.45%, and the incidence increased between 14 and 28 days. In a prospective review of 261 patients with critical medical-surgical illness, 9.6% patients developed VTE during their ICU stay. [17] Similarly, in other studies, the rate of VTE ranged from 5% to 15% for patients admitted to the ICU. [18] [19] [20] However, in contrast to another study reported by Jia et al, our incidence was higher than the 3.1% of patients with symptomatic VTE in the ICU after surgery. [21] We believe that the following reasons may have contributed to the high cumulative VTE incidence. First and foremost, in the prior study, only proximal DVT was included. In our study, both proximal DVT and symptomatic distal DVT were recorded when we counted the number of VTEs. Moreover, our study was a cumulative VTE incidence study, whereas the former study was a cross-sectional retrospective survey study. Another prospective study by Kaplan et al of 113 patients with severe sepsis and septic shock showed a VTE incidence of 37.5%. [7] This high VTE rate might be attributed to special observation patients and the very small sample size. Indeed, in our study, the incidence of thrombosis was higher in patients with sepsis than those without sepsis.
In our prospective study, nearly half of the events occurred within 7 days after ICU admission. This may be because a higher proportion of patients received mechanical ventilation within first 7 days. In our study, 75 of 132 patients received mechanical ventilation in the first 7 days. In addition, we also found that the rate of CVC in the location of the femoral vein was higher in the 7 days after ICU admission as compared with other times. To our knowledge, mechanical ventilation and CVC were the risk factor of VTE. [7, 22] Factors in the dynamic Caprini score were found to associate with occurrence of VTE in ICU patients. The Caprini score is widely used in the risk assessment of VTE for medical, surgical, and trauma patients, by which patients are divided into different risks and corresponding measures implemented. [7, 16, 23] Use of the Caprini score is recommended in the guidelines of VTE prevention for Western surgical patients. [24] To our knowledge, this is the first prospective study that dynamically recorded patents' Caprini scores, and the maximum Caprini score was used in the analysis. It may increase the accuracy of the assessment compared with other retrospective studies. Our findings identified those patients with a Caprini score >5 had a higher risk of developing VTE than those with a Caprini score of 1 to 5. However, we also found that the Caprini scores of patients with VTE were higher than in those patients without VTE (8.0 vs 6.2). This means that many non-VTE patients were classified into the highest group (Caprini score ≥5). This limited the ability to distinguish VTE risk from ICU patients. Therefore, increasing the cut-off point for classifying patients might be a solution. Bahl et al [25] reported that this changed the Caprini risk assessment model and added a classification of a "super high risk" group (>8) on the basis of the highest risk group. Similarly, a Caprini score >10 may be more effective in distinguishing VTE risk among cancer patients admitted to the ICU for postoperative care. [21] The other solution was the combination of the Caprini score and thrombotic biomarkers for assessment of VTE risk in ICU patients. Fu et al [26] reported that the combination of plasma markers (D-dimer and thrombomodulin) and Caprini score could increase the predictive value.
Our findings also identified that ICU length of stay and CVC in the location of the femoral vein were the independent risk factors of VTE. We found that patients had a longer ICU stay with VTE compared with those without VTE. Similarly, Kumar et al [27] and Malato et al [28] reported that a prolonged ICU stay was a risk factor for DVT. This may be because patients usually rest in bed and are subject to long-term immobilization, especially patients with mechanical ventilation. Long-term immobilization could lead to venous reflux obstruction. What is worse, if the patient had VTE, the ICU stay would be prolonged. However, other studies also showed that differences in ICU stay were not significant between the VTE and non-VTE groups. [29, 30] CVC use was an important risk factor for VTE, especially if it was inserted in the femoral vein. The incidence of VTE ranged from 10% to 69% with a femoral catheter. [2, 31] In our study, 12 of 44 patients with a femoral catheter had developed VTE. The majority cause of a high rate of femoral catheter use was that 25 of 44 patients had received CRRT. Similarly, many studies showed that CVC was an independent risk factor for VTE, and the incidence of CVC-related VTE ranged from 1.81% to 26%. [32] [33] [34] [35] Our findings emphasize the importance of removing CVCs as soon as possible when patients are no longer receiving CRRT.
Among the other factors, APACHE II, sedation, mechanical ventilation, and abdominal hypertension, no significant differences were found between patients with or without VTE in the multivariate analysis. The duration of mechanical ventilation was associated with occurrence of VTE, as identified in other studies. [2, 7] This may be because we recorded only whether the patient was on mechanical ventilation. This means that mechanical ventilation itself does not increase the incidence of VTE but rather the prolongation of mechanical ventilation. At the same time, other studies reported sedation and abdominal hypertension to be risk factors of VTE. [2, 6] To our knowledge, the major influence of sedation is its result of immobilization for ICU patients. However, our study showed that 76.2% patients received early mobilization. Therefore, sedation may not be a risk factor for ICU patients who have received prophylaxis of early mobilization. In terms of abdominal hypertension, the lack of effect may be due to the small sample size. In our study, only 21 of 281 patients had abdominal hypertension. Similarly, APACHE II was also found to have no influence on the development of VTE. [36] Our findings have several clinical implications for ICU medical staff treating and caring for patients. First, since nearly half of the events occurred within 7 days after ICU admission, medical staff should maintain a high suspicion and strengthen the prevention and screening of VTE for this population. Moreover, VTE risk may be overestimated when the Caprini score alone is used to assess ICU patients' risk of developing VTE. Therefore, the Caprini score should be combined with biochemical indicators, such as D-dimer. Finally, if there are no contraindications, early mobilization should be performed, especially for patients receiving sedation.
A limitation of our prospective study includes the small sample size. This may have decreased the sensitivity of our statistics in the univariate and multivariate analysis of risk factors for VTE. However, based on the sample size calculation, 140 patients were enough for our study. Moreover, in our study, we used only duplex scan to determine whether patients had DVT rather than venography, which may have reduced the sensitivity of screening asymptomatic distal DVT. However, asymptomatic distal DVT was not recorded when we analyzed the incidence of VTE. Furthermore, CTPA was not examined for all patients, but only for those with suspected PE who already had DVT or respiratory dysfunction. Therefore, the incidence of PE may be underestimated. Finally, we collected patient's information only within 28 days of the ICU stay, and do not follow patients for VTE who the length of ICU stay is less than 28 days and discharge from ICU without VTE. Because we are unable to collect risk factors of VTE after patient discharge from the ICU. In addition, it is difficult to determine whether the patient has VTE without ultrasound examination. Therefore, it is unclear whether following patients with an ICU stay <28 days up to the 28th day had any influence on the cumulative incidence of VTE.
Conclusions
In conclusion, our prospective observational study found that the 28-day cumulative incidence of VTE is relatively high for patients admitted to the ICU, despite the use of guideline-recommended thromboprophylaxis. Patients with femoral CVC, a prolonged ICU length of stay, or a high Caprini score may have an increased risk of developing VTE. 
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